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ABSTRACT 
 
 
This study focus on noise evaluation done at LRT Kelana Jaya Line during train 
operation. The aim of this study was to estimate the level of noise during train 
operation and evaluate the actual level of noise measurement at selected LRT 
stations. After that, a concept to reduce noise level during train operation was 
proposed. In addition, the actual level of noise measurement was compared with the 
theoretical permissible noise based on existing predetermined guidelines and 
standards. For train interior noise level, sound level meter was installed at front end 
and gangway by following noise measurement procedure provided by standards and 
guidelines. For noise at train stations, noise level recorded at different distance from 
trackside which is 2, 4, 6, 8 and 10 meters. The results show that for train interior 
noise level, most of the time of train operation was exceeded the limitation provided 
by Prasarana based on standard ISO 3381, 75dB. The noise level also exceeded noise 
limit in tunnel which is 80dB during train operation. For station noise level data, only 
at distance 2 meter and 4 meter from track can achieve noise level more than 5dB 
than limits provided by DOE, about 80dB. In conclusion, interior train noise level 
may need to be decrease and at Setiawangsa station has the highest noise level than 
other stations.  
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ABSTRAK 
 
 
Kajian ini, memfokuskan kepada penilaian bunyi yang telah dijalankan di LRT 
Laluan Kelana Jaya semasa kereta api sedang beroperasi. Tujuan utama kajian ini 
adalah untuk menganggarkan tahap kebisingan semasa kereta api sedang beroperasi 
dan menilai tahap sebenar pengukuran bunyi di stesen-stesen LRT terpilih. Selepas 
itu, konsep untuk mengurangkan tahap bunyi bising semasa kereta api sedang 
beroperasi telah dicadangkan. Di samping itu, tahap sebenar pengukuran kebisingan 
telah dibandingkan dengan bunyi bising yang dibenarkan secara teori berdasarkan 
garis panduan dan piawaian sedia ada yang telah ditetapkan. Bagi tahap bunyi dalam 
kereta api, alat pengukur bunyi dipasang di bahagian depan dan bahagian “gangway” 
dengan mengikuti prosedur pengukuran bunyi yang disediakan oleh piawaian dan 
garis panduan. Bagi bunyi di stesen-stesen kereta api, tahap bunyi dirakam pada 
jarak yang berbeza dari trek, iaitu 2, 4, 6, 8 dan 10 meter. Hasil kajian menunjukkan 
bahawa untuk tahap bunyi di dalam kereta api, kebanyakan masa ketika kereta api 
sedang beroperasi telah melebihi had yang diberikan oleh Prasarana berdasarkan 
piawaian ISO 3381, iaitu 75dB. Tahap bunyi juga melebihi had di dalam terowong 
iaitu 80dB semasa kereta api sedang beroperasi. Bagi data setiap stesen terpilih, 
hanya pada jarak 2 meter dan 4 meter dari landasan yang mencapai tahap bunyi lebih 
daripada 5dB daripada had yang disediakan oleh Jabatan Alam Sekitar. 
Kesimpulannya, tahap bunyi dalam kereta api mungkin boleh dikurangkan dan stesen 
Setiawangsa mempunyai tahap kebisingan yang paling tinggi berbanding stesen-
stesen lain. 
 
 
 
 
 
vii 
 
 
 
CONTENT 
 
 
 TITLE i 
 DECLARATION ii 
 DEDICATION iii 
 ACKNOWLEDGEMENT iv 
 ABSTRACT v 
 CONTENT vii 
 LIST OF TABLE xiv 
 LIST OF FIGURES xvi 
 LIST OF SYMBOL AND ABBREVIATIONS xix 
CHAPTER 1 INTRODUCTION 
 1.1  Background Study 1 
 1.2  Problem Statement 3 
 1.3  Objective 4 
 1.4  Scope of Study 4 
viii 
 
  1.4.1 Noise Level Monitoring Equipment 4 
  1.4.2 Train Interior Noise Monitoring 4 
  1.4.3 Noise Level Evaluation at LRT Station 5 
  1.4.4 Code of Practice 5 
 1.5  Significant of Study 6 
CHAPTER 2 LITERATURE REVIEW 
 2.1 Introduction 7 
 2.2 Light Rapid Transit Kelana Jaya Line (LRT KLJ) 8 
  2.2.1 Light Rapid Transit (LRT) 8 
  2.2.2 LRT Rolling Stock 9 
  2.2.3 Requirement for Noise Control 12 
   2.2.3.1 Wheel/Rail Conditioning 12 
   2.2.3.2 Interior Noise 12 
   2.2.3.3 Wayside Noise 13 
 2.3 Introduction to Sound 14 
  2.3.1 Physical Properties of Sound 14 
  2.3.2 Transmission and Absorption 15 
  2.3.3 The Decibel 18 
ix 
 
  2.3.4 Leq and Lmax Concept 18 
 2.4 Noise Regulation 19 
  2.4.1 Noise Limit 21 
  2.4.2 Noise Exposure 22 
 2.5 Noise Measurements 23 
  2.5.1 Measurement Sites 26 
  2.5.2 Train Interior Monitoring 27 
  2.5.3 Train Stations Noise Measurement 29 
 2.6 ` Noise Minimization 30 
  2.6.1 Noise Control 31 
   2.6.1.1 Controlling Noise at the Source 31 
   2.6.1.2 Controlling Noise at the Path 32 
   2.6.1.3 Controlling Noise at the Receiver 33 
  2.6.2 Reducing noise through improved track 
maintenance 
33 
   2.6.2.1 Rolling noise 34 
   2.6.2.2 Rail maintenance & grinding 34 
  2.6.3 Research Done on Noise Reduction in 
Railway 
35 
x 
 
 2.7 Summary 37 
CHAPTER 3 METHODOLOGY 
 3.1 Introduction 38 
 3.2 Flowchart of Methodology 39 
 3.3 Phase 1 – Site Selection for Noise Measurement 40 
  3.3.1 LRT Train Interior 41 
  3.3.2 LRT Stations 41 
 3.4 Phase 2 – Noise Measurement 42 
  3.4.1 List of Equipment 43 
   3.4.1.1 Sound Level Meter (SLM) 43 
   3.4.1.2 Microphone Windbreaker 44 
   3.4.1.3 Tripod 45 
  3.4.2 Things Considered during Measurement 
Process 
45 
  3.4.3 Data Collection 46 
   3.4.3.1 Noise Level in Train Interior 47 
   3.4.3.2 Noise Level at Stations 48 
  3.4.4 Information to be Recorded 49 
xi 
 
 3.5 Phase 3 – Data Collection and Analysis 49 
  3.5.1 Data Collection Results and Analysis 50 
  3.5.2 Pearson’s Correlation Test 50 
 3.6 Summary 52 
CHAPTER 4 RESULTS AND DATA ANALYSIS 
 4.1 Introduction 53 
 4.2 Raw Data 54 
 4.3 Train Interior Noise Level 55 
  4.3.1 Front End Sitting 56 
   4.3.1.1 Peak Hour Noise Level at Front 
End 
57 
   4.3.1.2 Off Peak Hour Noise Level at 
Front End 
62 
   4.3.1.3 Comparison of Peak Hour Noise 
Level and Off Peak Hour Noise 
Level 
67 
  4.3.2 Gangway Noise Level 68 
   4.3.2.1 Peak Hour Noise Level at 
Gangway 
69 
xii 
 
   4.3.2.2 Off Peak Hour Noise Level at 
Gangway 
73 
   4.3.2.3 Comparison of Peak Hour Noise 
Level and Off Peak Hour Noise 
Level 
77 
  4.3.3 Comparison of Front End Noise Level and 
Gangway Noise Level 
78 
 4.4 Stations Noise Level Data 80 
 4.5 Correlation Analysis 87 
  4.5.1 Ambient Noise Level 87 
  4.5.2 Train Arriving 88 
  4.5.3 Train Departure 88 
 4.6 Conclusions 88 
CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS  
 5.1 Conclusions 90 
 5.2 Recommendations 91 
  5.2.1 Authority 91 
  5.2.2 Further Research 92 
   
xiii 
 
REFERENCES 93 
 APPENDICES 99 
 
xiv 
 
 
 
LIST OF TABLES 
 
 
 
 
 2.1   Vehicle dimensions of existing     9 
 2.2   Normal operating environments     10 
 2.3   Vehicle interior noise levels as measured per ISO 3381  13 
 2.4   Vehicle exterior noise levels as measured per ISO 3095  14 
 2.5   Typical noise levels       20 
 2.6  Limiting sound level (LAeq) for railways including transits   22 
   (For new development and re-alignments)     
2.7  Arithmetic adjustment for difference between noise levels of 26 
  measured noise        
 2.8  Interior noise specification for high speed trains   28 
 4.1   Mean, standard deviation, minimum value and maximum value of  61
  noise level during peak hour at front end 
 4.2  Mean, standard deviation, minimum value and maximum value of  66
  noise level during off peak hour at front end 
 4.3  Mean, standard deviation, minimum value and maximum value of  72
  noise level during peak hour at gangway 
 4.4   Mean, standard deviation, minimum value and maximum value of  76 
  noise level during off peak hour at gangway 
 
xv 
 
4.5  Data on ambient noise level at selected stations   81 
4.6  Data on train arriving noise level at selected stations  82 
4.7  Data on train departure noise level at selected stations  83 
xvi 
 
LIST OF FIGURES 
 
 
 
 
 1.1    Development in Kuala Lumpur    2 
 1.2   LRT Kelana Jaya Line, Kuala Lumpur   5 
 2.1   Kelana Jaya Line Map     8 
 2.2   Seat plan       10 
 2.3   Wheelchair position with seatbelt    11 
2.4  Gangway       12 
2.5  Longitudinal wave and transverse wave   15 
 2.6  Sound wave behaviour     16 
2.7  Reflection of sound wave     16 
2.8  Diffraction of sound wave     17 
2.9  Refraction of sound wave     17 
2.10  Example Leq and Lmax: Leq and Lmax concepts   19 
2.11  Example of environmental noise    20 
2.12  Noise sources       27 
2.13  Sound barrier application     32 
2.14  Noise mapping shows that contact between rail and wheel  34 
3.1  Example of LRT KLJ train     40 
3.2  MkII interior       41 
3.3  Sound Level Meter ISO-TECH (SLM-1352N)  44 
3.4  Microphone windbreaker     44 
xvii 
 
3.5  Tripod        45 
3.6  SLM installed about 1.2 to 1.5 meter above the   46 
ground  
3.7  Recording data using phone camera    47 
3.8  Point for noise measurement     48 
3.9  Examples of negative, no and positive correlations  51 
4.1  Raw data of noise level from Kelana Jaya Station to  54 
  Taman Jaya station 
4.2  Refined data of noise level from Kelana Jaya Station  55 
to Taman Jaya Station 
4.3  Position of noise measurement in train interior  56 
4.4  Front end of LRT Kelana Jaya Line    56 
4.5  Peak hour train interior noise level at front end  58 
4.6  Example of turnout      60 
4.7  Residential area at Setiawangsa    60  
4.8  Residential area at Jelatek     61 
4.9  Off peak hour train interior noise level at front end  63 
4.10  Underground tunnel between Pasar Seni station and  65 
  Damai Station 
4.11  Tunnel between Setiawangsa station and Wangsa   65 
  Maju station 
4.12  Comparison of peak hour and off peak hour noise   67 
level at front end 
xviii 
 
4.13  LRT Kelana Jaya Line gangway    69 
4.14  Peak hour train interior noise level at gangway  70 
4.15  Off peak hour train interior noise level at gangway  74 
4.16  Comparison of peak hour and off peak hour noise level  77 
  at gangway  
4.17  Comparison between gangway and front end noise   79 
level  
4.18  Ambient noise level at selected stations   84 
4.19  Train arriving noise level at selected stations   84 
4.20  Train departure noise level at selected stations  85 
4.21  Setiawangsa station and surrounding area   86 
4.22  Bangsar station and surrounding area    86 
4.23  Bangsar station at different angle    86 
xix 
 
LIST OF SYMBOLS AND ABBREVIATIONS 
 
 
 
 
BS    -  British Standard 
DEPHA   - Department of Environment, Parks, Heritage 
     and The Arts (Australia) 
DOE    -   Department of Environment Malaysia 
EPA    - Environment Protection Authority 
ISO    -  International Organization for Standardization 
KTMB    -  Keretapi Tanah Melayu Berhad 
KTX    - Korea Train Express 
LAeq    - Limiting sound levels 
Leq    - Energy equivalent sound exposure levels 
Lmax    - Maximum noise level 
LRT    -  Light Rapid Transit 
LRT KLJ   -  Light Rapid Transit Kelana Jaya Line 
MkII    -  ART Mark II Cars 
OSHA    -  Occupational Safety and Health Administration 
RAPID KL   -  Rangkaian Pengangkutan Integrasi Deras Kuala 
     Lumpur 
RRT    -  Rapid Rail Transit 
SLM    -  Sound Level Meter 
SPAD    -  Land Public Transport Commission 
xx 
 
dBA    -  Decibel for weighting A 
km/h    -  Kilometre per hour  
m    -  Metre for distance  
m/s    - Metre per second 
º C    -  Celsius for temperature  
CHAPTER 1 
INTRODUCTION 
1.1 Background Study 
 
Noise is one of the most persistent physical contaminant in human environment. 
Especially in the developed countries, the technological development and the 
growth of population are key factors in the increase of noise pollution (Fernandez et 
al., 2009). Noise pollution, in the recent times, has been well recognized as one of 
the major trepidations that impact the quality of life in urban areas across the globe 
(Hunashal et al., 2012). As stated by Zannin & de Sant’Ana (2011), in economically 
developing countries, rising levels of noise pollution are associated with the 
accelerated growth of cities and the increasing circulation of automotive vehicles. 
There are also many studies on noise pollution in road traffic of big cities conducted 
in the last thirty years demonstrating that traffic is the main source of noise in the 
urban environments (Sánchez et al., 2015).  
Noise pollution is distinguished from other pollution categories due to its 
source and diffusion characteristics, which can adversely affect public health and 
environmental quality in urban environment (Hunashal & Patil, 2012). According to 
Occupational Safety and Health Administration (OSHA), noise is one of the most 
common health hazards in the construction industry. This hazard has also been 
difficult to evaluate and predict because it is often ignored until the damage is done 
and a person’s hearing is severely impaired or completely lost. Noise exposure are 
related to an increased risk of cardiovascular disease and mortality (Stansfeld & 
Shipley, 2015). The most frequent response to environmental noise is annoyance, 
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which is a mixture of reported discomfort, anger and feelings of intrusion. Exposure 
response relationships have been found for road, rail and aircraft noise in which the 
degree of annoyance rises with increasing noise levels (Miedema & Vos, 1998). 
However, there are some guidelines provided by authorities to minimize 
effect of noise to people. For example, DOE (2007) stated that in construction, 
when activities that produce high levels of noise cannot be altered to acceptable 
lower noise levels, personal hearing protection must be used. Hearing protection 
such as ear muffs or plugs should be used by all workers during activities that 
produce noise levels that may damage their hearing. 
The Kelana Jaya Line (Line “E”, LRT 2, formerly PUTRA Line), comprises 
24 stations, on the 29 km between and Gombak and the depot at Subang beyond the 
Kelana Jaya terminal. The line opened in September 1998 using 35 Advanced Rapid 
Transit Mark II trains from Bombardier Transportation. The line is owned by the 
employer Syarikat Prasarana Negara Berhad and operated by Rangkaian 
Pengangkutan Integrasi Deras Sdn Bhd (RAPID KL) — both National Government 
agencies. The Kelana Jaya Line is reported to carry over 170,000 passengers a day, 
double during national events (Prasarana, 2006). 
 
 
Figure 1.1: Development in Kuala Lumpur (Wong, 2015) 
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1.2 Problem Statement 
 
With the rapid development of urban areas and railway construction, the noise 
pollution has become increasingly serious. There are many railway operations had 
operated in Malaysia such as commuter, Light Rapid Transit (LRT) and monorail. 
Although these railway operations produced high noise level due to the train 
moving along the track, they had greatly decreased the congestion in Kuala Lumpur 
City. However, there are some standard that need to be followed by these train 
operators. According to Fernández et al., (2009), the most negative effects caused 
by noise exposure are related to the hearing system and may produce professional 
deafness or even permanent deafness. As stated by Ballesteros et al., (2010), noise 
is one of the most important acoustic pollutants in the nowadays society, as it is 
present in most of people’s activities; consequently, not only the workers of certain 
sectors, but all the citizens, are exposed to high noise doses. Fernandez et al., (2009) 
said that noise exposure can cause several risks for the safety and health of workers. 
Kuwano et al., (2004), in his research had done monitoring the interior noise for 
different trains, and investigated the effects of its loudness on speech 
communication. Choi et al., (2004) had also done noise monitoring for the interior 
noise of high-speed trains. They stated that interior noise of high-speed trains come 
from equipment, airborne noise, aerodynamic noise, and structure-borne noise. 
There are guidelines designed to set the maximum level of noise and 
vibration that must be followed to avoid human disturbance. Department of 
Environment (DOE), Ministry of Natural Resources and Environment Malaysia also 
provide Guideline for Noise Labelling and Emission Limit of Outdoor Sources. 
British Standard (BS EN ISO 3381 and BS EN ISO 3095) also provided guidelines 
for vehicle interior noise level and vehicle exterior noise level. There are also 
difference limit for open field and tunnels for interior train noise level. Based on 
code of practice and standards, the level of noise generated from train operations 
was compared. This helped Land Public Transport Commission (SPAD) and 
RAPID KL in delivering noise minimization strategy on the train operation. 
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1.3 Objective 
 
For this research, three objectives have been listed according to the problem 
statement: 
a) To estimate the level of noise during the train operation. 
b) To evaluate the actual level of noise measurement at selected stations. 
c) To propose a concept to reduce noise level during train operation. 
 
1.4 Scope of Study 
 
There are some limitations of study taken into consideration. 
 
1.4.1 Noise Level Monitoring Equipment  
 
The measurement of the noise level for train interior and at the platform utilised an 
ISO-Tech SLM-1352 Sound Level Meter (SLM). The reading was taken at 1.3-
meter-high from the ground surface. 
 
1.4.2  Train Interior Noise Monitoring  
 
For the train interior noise monitoring, data was taken from one station to another. 
For example, the starting station was Kelana Jaya Station and the final reading was 
taken at Taman Bahagia Station. Then, the same methodology will be repeated to 
the next station. 
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1.4.3  Station Noise Level Evaluation at LRT Stations 
 
For station noise level evaluation, the stations were selected by SPAD. The stations 
are Gombak, Wangsa Maju, Setiawangsa, Bangsar, Taman Bahagia and Kelana 
Jaya. The noise level had been observed during waiting period, train arrival and 
departure.  
 
1.4.4  Code of Practice 
 
The noise evaluation is considering DOE Malaysia standard and BS EN ISO 3095 
for station noise level data and BS EN ISO 3381 for train interior noise level. 
 
 
Figure 1.2: LRT Kelana Jaya Line, Kuala Lumpur 
 
 
 
 
 
6 
 
1.5 Significant of Study 
 
This study interested in determining the level of noise during LRT Kelana Jaya Line 
operations. Train interior noise evaluation help to discover the situation faced by 
people using the train services. Stations noise evaluation help to provide data of 
noise level from train operation to surrounding. It is significant to assess the actual 
level of noise with the theoretical permissible noise based on code of practice DOE, 
BS EN ISO 3381 and BS EN ISO 3095. Then, some concept for noise minimization 
was suggested based on the data collected. Hopefully with this study, it can help 
Land Public Transport Commission (SPAD) and Rapid KL in delivering noise 
minimization concept to ensure the noise level follows the limits from guidelines on 
train interior and at station in future. 
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CHAPTER 2 
LITERATURE REVIEW 
2.1 Introduction 
 
Malaysia is in the process towards developed countries. Public transport is one of the 
factors that may affect this condition. Therefore, the development of public transport 
is also expanding. Government had built railways public transportation to expand 
public transport services such as Mass Rapid Transit (MRT), Light Rapid Transit 
(LRT), monorail, commuter and Malayan Railways Limited (KTMB).  
In this chapter, critical information about findings, theory and methodology 
related to the research topics to be included. Literature review on LRT Kelana Jaya 
Line operations, some information about noise measurement, noise limit standard 
and noise minimization strategies was explained theoretically. Other than that, some 
of previous studies about noise annoyance was included in this chapter. 
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2.2  Light Rapid Transit Kelana Jaya Line (LRT KLJ) 
 
Light rapid transit is an urban public transportation using rolling stock similar to 
tramway, but operating at higher capacity and often on an exclusive right of way. It 
is also known as Rapid Rail Transit (RRT). The LRT in Malaysia was built in 1998 
with the creation of the first section of an automatic mass transit system, running 
from east to west across one of the fastest growing cities in the world. The system is 
popular and well-used, as the city's roads are hopelessly gridlocked. Linking the city 
and Gombak, the fast, efficient east-west route services some of the most affluent 
and heavily populated areas and was completed during 1999. The 29km long system 
is the world's second longest fully-automated driverless metro system and the longest 
self-powered metro in Asia (Railway-technology, 2015). 
 
2.2.1  Light Rapid Transit (LRT) 
 
 The LRT in Malaysia consist of two lines, the Ampang Lines and Kelana 
Jaya Lines. The other major component of network is the KL Monorail. They are 
fully owned by Syarikat Prasarana Negara Berhad (Prasarana) and were run under 
brand name of Rapid KL. 
 
 
Figure 2.1: Kelana Jaya Line Map (Prasarana, 2006) 
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2.2.2  LRT Rolling Stock 
 
LRT KLJ is a fully automated light rail transit system. The vehicle used for LRT 
KLJ is ART Mark II cars (MkII) built by Bombardier Sdn. Bhd. It is also known as 
Innovia Metro. The ART Mark II (MkII) cars system are fully automated and driven 
under computer control from a centralized office. 
 The ART Mark II car (MkII) body was built using a lightweight aluminium 
frame riding on two sets of articulated bogey. The vehicle design features low noise, 
high reliability and high availability using bogies. It is capable of traversing 70 m 
radii curves in normal operation with passenger, and 50 m radii curves in the depot. 
The vehicles also have solid steel wheels on steel rails and a propulsion system 
employing linear induction motors (Prasarana, 2006).  
 
Table 2.1: Vehicle dimensions of existing MkII (Prasarana, 2006) 
 
 
 The MkII environmental requirements designed to operate without restriction 
in the environmental conditions presented in Table 2.2. Power to vehicles should be 
maintained during operational readiness and storage regardless of ambient 
temperature. 
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Table 2.2: Normal operating environments (Prasarana, 2006) 
 
 
 MkII was also designed to operate safely and reliably without damage to 
equipment at wind velocity up to 20m/s in the environmental conditions. If the wind 
gusts velocity up to 30m/s, the operation can continue operating at the reduced speed 
of 11m/s. However, if wind gust or speed exceed 30m/s, operation on exposed 
above-grade or elevated sections shall be prohibited. The car roof and framing was 
constructed with adequate strength and rigidity, with permitted space for the 
installation and fastening of the required roof equipment. It can withstand a person 
(100 kg) working on the roof at any position and sufficient strength and rigidity to 
withstand equipment support structure (Prasarana, 2006).  
 Peripheral seating for 32 passengers was provided in every car. Door screens 
are located one half a seat width away from the doors to avoid doors being blocked 
by standing passengers. Two seats in each car removed and replaced with a seatbelt 
to accommodate a wheelchair person and provided with a securement device and 
instruction decals.  
 
 
Figure 2.2: Seat plan (Prasarana, 2006) 
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Figure 2.3: Wheelchair position with seatbelt 
 
An inter-circulation gangway shall be provided at the inner end of each car to 
allow free movement of passengers between the cars. The unimpeded opening width 
of the gangway shall be a minimum of 1200 mm (1600mm preferred) and shall be 
without change of floor level in excess of 25 mm. The tread plate shall be finished 
with a non-slip surface matching the main floor covering. The gangway shall be fully 
enclosed and sealed to the environment including weather and noise. The gangway 
design may be the SIG design of the existing fleet or other suitable manufacturer 
approved by Syarikat Prasarana Negara Berhad. In all cases the gangway design 
shall include floor level boots to protect passenger feet during movement on curves. 
No gaps may appear between the boot and floor plate on mainline curves. Gaps are 
permissible on yard curves (Prasarana, 2006). 
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Figure 2.4: Gangway 
 
2.2.3  Requirement for Noise Control 
During the design stage for MkII cars, there are some requirement for noise control 
that need to be complied: 
 
2.2.3.1 Wheel/Rail Conditioning  
At the time of noise level measurement, rails and wheels are assumed to be halfway 
through the recommended maintenance period, having smooth running surfaces; free 
of any defect such as wheel flats, wheel corrugations, rail corrugations, wheel burns, 
fatigue damages, etc.; in accordance with the guidelines of ISO 3095 (Prasarana, 
2006). 
 
2.2.3.2 Interior Noise 
Within the vehicle with all equipment operating and over the entire operating speed 
range the noise level as measured at 1.6 m above the floor, at the bogie centres, shall 
not exceed values in Table 2.3 with the vehicle operating on level tangent track with 
continuous welded rail to ISO 3381. Table 2.3 shall not be applicable when 
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operating over special track work. In addition, any tonal quality which may be 
present shall be at least 5 dB less than the values of Table 2.3 when measured with 
an "A" weighted 1/3 octave analyser (Prasarana, 2006). 
 
2.2.3.3 Wayside Noise 
For a consist of four vehicles the maximum sound pressures levels under all normal 
operating conditions (accelerating, cruising, normal braking) on level tangent track, 
as per ISO 3381, at speeds up to 22 m/s, measured 15 m from the centre line of the 
running rail pair, shall not exceed values in Table 2.4. In addition, any tonal quality, 
which may be present, shall be at least 5 dB less than the values of Table 2.4 when 
measured with an "A" weighted 1/3 octave analyser (Prasarana, 2006). 
 
Table 2.3: Vehicle interior noise Levels as measured per ISO 3381 (Prasarana, 2006) 
 Vehicle State Maximum 
(a) Vehicle stationary with all normal auxiliary systems operating 68 dB(A) 
(b) 
Vehicle moving with all normal auxiliaries operating on at 
grade or elevated guideway with parapet wall at speeds up to 80 
km/h 
75 dB(A) 
(c) Vehicle moving with all auxiliaries operating, in tunnel 80 dB(A) 
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Table 2.4: Vehicle exterior noise levels as measured per ISO 3095 (Prasarana, 2006) 
 Vehicle State Maximum 
(a) At 5 m from the centre line of a stationary consist with all of 
the auxiliary systems operating 
68 dB(A) 
(b) At 15 m from track centre line of a guideway with parapet wall 
with all auxiliaries operating on a consist travelling on 
continuous, smooth mainline track at 80 km/h 
75 dB(A) 
 
 
2.3 Introduction to Sound 
 
Everyday our world is filled with a multitude of sounds. Sound can let people to 
communicate with others. The ability to hear is definitely an important sense. Sound 
is an aural sensation caused by pressure variations in the elastic medium (such as 
air), which are always produced by some source of vibration. Sound propagates in 
air with the speed of approximately 340 m/s at sea level with around 25°C 
(1224km/hour). For example, when somebody bang on a drum, the drum's vibrating 
surface disturbs the air in patterns that, once they reach our ears, it can be interpreted 
as a sound. 
 
2.3.1  Physical Properties of Sound 
 
Sound can propagate through compressible media such as air, water and solids as 
longitudinal waves and also as a transverse wave in solids as can be seen in Figure 
2.5. The sound waves are generated by a sound source, such as the vibrating 
diaphragm of a stereo speaker. The sound source creates vibrations in the 
surrounding medium. As the source continues to vibrate the medium, the vibrations 
propagate away from the source at the speed of sound, thus forming the sound wave. 
At a fixed distance from the source, the pressure, velocity, and displacement of the 
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medium vary in time. At an instant in time, the pressure, velocity, and displacement 
vary in space (Zaki, 2014a).  
 
 
Figure 2.5: Longitudinal wave and transverse wave (Zaki, 2014a) 
 
 For sound waves the existence of material medium is very necessary for the 
propagation of the waves. The propagation of waves taking place in solid, liquid and 
gases which makes us hear the sound is called a Sound wave. 
 
2.3.2  Transmission and Absorption 
 
When a sound wave strikes an obstacle, part of it is reflected, part is absorbed within 
the obstacle and part is transmitted through to become a sound wave in air again on 
the other side. How much sound is reflected, absorbed or transmitted depends on the 
properties of the object, its size and the wavelength of the sound. 
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Figure 2.6: Sound wave behaviour (Zaki, 2014a) 
 
When sound wave traveling in a medium strikes the surface separating the 
two media, a part of incident wave is reflected back into initial medium obeying 
ordinary laws of reflection while the rest is partly absorbed and partly refracted or 
transmitted into second medium. When a Longitudinal sounds wave strikes a flat 
surface, sound is reflected in a coherent manner provided that the dimension of the 
reflective surface is large compared to the wavelength of the sound. 
 
 
 Figure 2.7: Reflection of sound wave (Zaki, 2014a) 
 
Diffraction occurs when the obstacle’s dimension is of the same order or less 
than sound wavelength. Diffraction is the ability of waves to bend around a corner so 
as to not cast a sharp acoustical shadow. As the sound waves pass the edge of a wall, 
for instance, some of the sound energy spreads (is diffracted) around the corner. 
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Figure 2.8: Diffraction of sound wave (Zaki, 2014a) 
 
Refraction - the bending of waves when they enter a different medium at an 
angle. The law of refraction states that when sound wave is incident on a boundary 
of two dissimilar materials in which the velocity of sound in the second is lower than 
that in the first, the angle of refraction is always smaller than the angle of incidence 
(Zaki, 2014a). 
 
 
Figure 2.9: Refraction of sound wave (Zaki, 2014a) 
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2.3.3  The Decibel 
 
The decibel (dB) is a logarithmic unit used to express the ratio between two values 
of a physical quantity, often power or intensity. One of these quantities is often a 
reference value, and the decibel can be used to express the absolute level of the 
physical quantity, or as in the case of sound pressure. The number of decibels is ten 
times the logarithm to base 10 of the ratio of two power quantities or of the ratio of 
the squares of two field amplitude quantities (ANSI C63.14, 1992).  
However, the sound pressure is not equally sensed by the human ear at 
different frequencies. This can be compensated with the dB (A), dB (B) or dB (C) 
filters. The human ear is more sensitive to sound in the frequency range 1 kHz to 4 
kHz than to sound at very low or high frequencies. A higher sound pressure sound 
pressure is therefore acceptable at lower and higher frequencies. The International 
Electrotechnical Commission (IEC) has defined A-weighting attempts to match the 
response of the human ear to noise and A-weighted sound pressure levels are 
labelled dBA. 
 
2.3.4  Leq and Lmax Concept 
 
According to Canadian Transportation Agency (CTA) (2011), the concept of Leq and 
Lmax was described. The vast majority of noise standards are based on sound levels 
using energy equivalent sound exposure levels, in A-weighted decibels (Leq values in 
dBA), over a defined time period. For example, Leq (24 h) is the sound exposure 
level over the entire 24-hour day. Some standards have a single-event noise 
descriptor based on the maximum noise level (Lmax). The Leq and Lmax sound level 
concepts are illustrated in Figure 2.10. The graph shows a single locomotive pass-by 
and a heavy truck pass-by, over a 60 second period. 
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Figure 2.10: Example Leq and Lmax: Leq and Lmax concepts (CTA, 2011) 
 
 With a train pass-by, the Leq (1 s) sound levels increase up to 85 dBA and 
during lulls of traffic the sound levels drop to 43-53 dBA. The heavy truck pass-by 
brings the Leq (1 s) levels up to 77 dBA for a short period of time and the levels 
decrease to around 44-45 dBA. The Leq (60 s) (energy equivalent sound exposure 
level over a 60 second period) is calculated to be 75 dBA. The Lmax for the train 
pass-by is 85 dBA. This example demonstrates how single noise events such as a 
train pass-by can dominate the Leq value. 
 
2.4  Noise Regulation 
 
 Noise is generally considered to be unwanted sound. Sound is what we hear 
when our ears are exposed to small pressure fluctuations in the air. There are many 
ways in which pressure fluctuations are generated, but typically they are caused by 
vibrating movement of a solid object (Hanson et al., 2006). 
Its physical and emotional effects are difficult to define quantitatively. 
Different people may respond differently to the same level of noise. However, above 
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certain levels, noise can affect everybody. It can lead to hearing loss and mental 
stress and irritation (Yuen, 2014). 
  
 
Figure 2.11: Example of environmental noise (Zaki, 2014a). 
 
 According to Quintana et al. (2008), noise is the most persistent physical 
contaminant in human environment, especially in the developed countries, where the 
models of social and economic organization, the technological development and the 
growth of population are key factors in the increase of noise pollution. 
 
Table 2.5: Typical noise levels (CTA, 2011) 
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Noise exposure can cause several risks for the safety and health of workers. It 
is well known that the noise can mask both the speech and the alarm sounds. Voice 
problems, like nodules, loss of voice and abnormalities in the vocal chords can be 
suffered by the workers that have to communicate within noisy environments with 
level higher than 85 dBA. Therefore, it is stated that noise is one factor that can 
increase the risk of accidents in the workplace (Quintana et al., 2008). 
 Besides, the effects of the noise-induced hearing loss, together with the 
requirement of using hearing protection devices, contribute to increase indirectly the 
rate of accidents due to interferences with sound signals and other non-hearing 
effects caused by the noise on the health, like stress, loss of attention and increase of 
blood pressure (Van Dijk, 1990). 
Quintana et al. (2008) stated that noise excess removal in the workplace is 
not just a legal responsibility of the companies, as it is also involved with the market 
interests of an organization. The safer and healthier a workplace is, the fewer 
probabilities of absenteeism, accidents and low performance, and consequently, cost 
savings will be achieved. 
The most frequent response to environmental noise is annoyance, which is a 
mixture of reported discomfort, anger and feelings of intrusion. Exposure response 
relationships have been found for road, rail and aircraft noise in which the degree of 
annoyance rises with increasing noise levels (Miedema & Vos, 1998; Stansfeld & 
Shipley, 2015). 
 
2.4.1  Noise Limit 
 
Noise limits may be set based on either depending on an absolute limit based 
on the average level of noise which should not be exceeded in a specified time 
period or a relative limit based on the permitted increase in noise level with respect 
to the background level. These limits may either be a single value over the relevant 
time periods, or different values for day and night (DOE, 2007). 
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Table 2.6: Limiting sound level (LAeq) for railways including transits (For new 
development and re-alignments) (DOE, 2007) 
 
 
Recommended limiting sound levels (LAeq) from railways including transit 
trains for new development or re-alignments are given in Table 2.5. A maximum 
permissible instantaneous maximum sound pressures levels for the transient pass-by 
noise is also stipulated. This is the single event maximum instantaneous noise limit 
permissible for the entire measurement duration (DOE, 2007). 
 
2.4.2  Noise Exposure 
 
Noise is present in every human activity, and when assessing its impact on human 
well-being it is usually classified either as occupational noise, or as environmental 
noise, which includes noise in all other settings, whether at the community, 
residential, or domestic level.  
Exposure to high levels of noise can cause permanent hearing loss. Neither 
surgery nor a hearing aid can help correct this type of hearing loss. Short term 
exposure to loud noise can also cause a temporary change in hearing or a ringing in 
ears. These short-term problems may go away within a few minutes or hours after 
leaving the noisy area. However, repeated exposures to loud noise can lead to 
permanent tinnitus and/or hearing loss (Concha-Barrientos, et al., 2004). 
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Loud noise can also create physical and psychological stress, reduce 
productivity, interfere with communication and concentration, and contribute to 
workplace accidents and injuries by making it difficult to hear warning signals. 
Noise-induced hearing loss limits the ability to hear high frequency sounds, 
understand speech, and seriously impairs people’s ability to communicate. The 
effects of hearing loss can be profound, as hearing loss can interfere with ability to 
enjoy socializing and can lead to psychological and social isolation. 
Exposure is initially measured as a continuous variable, and theoretically 
could be treated as such in assessing the burden of disease. This is impractical, 
however, as many surveys report exposure above and below cut-off values, rather 
than as a distribution (Concha-Barrientos, et al., 2004). For example, the following 
categories are widely applied because they correspond to regulatory limits in 
developed (usually 85 dBA) and many developing (usually 90 dBA) countries for an 
8-hour day (Hernandez-Gaytan et al., 2000; Osibogun, et al., 2000; 
Sriwattanatamma & Breysse, 2000; Ahmed et al., 2001): 
 minimum noise exposure: <85 dB(A) 
 moderately high noise exposure: 85−90 dB(A) 
 high noise exposure: >90 dB(A). 
 
2.5 Noise Measurements 
 
In acoustics, noise measurement can be for the purpose of measuring environmental 
noise, or part of a test procedure using white noise, or some other specialised form of 
test signal. The general purpose of noise measurements and surveys is to provide an 
objective description of the acoustic environment surrounding a particular activity 
that is emitting noise. Such activities can range from single items of machinery to 
entire industrial estates. In audio systems and broadcasting specific methods are used 
to obtain subjectively valid results in order that different devices and signal paths 
may be compared regardless of the differing spectral distribution and temporal 
properties of the noise that they generate. 
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 The noise measurement procedure is designed to identify locations where a 
project may cause noise impact. If no noise-sensitive land uses are present within a 
defined area of project noise influence, then no further noise assessment is necessary. 
This approach allows the focusing of further noise analysis on locations where 
impacts are likely. The monitoring procedure takes account of the noise impact 
criteria, the type of project and noise-sensitive land uses. For monitoring purposes, 
all noise-sensitive land uses are considered to be in a single category (Hanson et al., 
2006). At present, almost all noise assessments are based on an indicator of acoustic 
conditions averaged over a certain period of time, known as equivalent noise level 
(LAeq,T) and expressed in decibels (dB) (CTA, 2011). 
 According to DOE (2007), measurement of noise levels is often necessary for 
any of the following purpose: 
a) Assessing the existing noise climate. 
b) Assessing compliance to noise limits for noise limits for noise source(s) 
and/or project development. 
c) Assessing environmental impact and potential community response.  
 
 
DOE (2007) also stated that noise measurement usually includes the following: 
a) Background (ambient) sound pressure levels at a receiver location(s) and/or 
at the real property boundary of a noise source(s). These may be undertaken 
at a location(s) prior to a project development. It could also be undertaken in 
the absence of the noise source(s) (example with a plant or facility not 
operating). 
b) Sound pressure levels at a receiver location (s) and/or at the real property 
boundary of a noise source with the plant or facility operating and/or 
completion and operation of a project (highway, transit trains, industrial 
plant, etc.). 
c) Sound pressure levels of each noise source as may be required to evaluate the 
contribution of each source. 
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